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This paper describes the pedagogical framework used by YuMi Deadly Maths, a school change 
process used to improve mathematics teaching and thus enhance employment and life chances 
for socially disadvantaged students. The framework, called the RAMR cycle, is capable of 
being used by mathematics teachers for planning and delivering lessons and units of work with 
minimal training and external support, as demonstrated by three case studies. These, and other 
cases, suggest that the YuMi Deadly Maths approach is an effective model for scaling up 
professional development programs where school participation is voluntary and costs have to 
be minimised. 


The mission of the YuMi Deadly Centre (YDC) of the Queensland University of 
Technology (QUT) is to work with Indigenous and low socioeconomic status (SES) schools 
to enhance mathematics learning outcomes, close the gap between Indigenous and low SES 
and other schools, and improve employment and life chances of Indigenous and low SES 
students. Researchers at YDC have developed a pedagogical approach to the teaching of 
mathematics in both the primary and secondary years, called YuMi Deadly Maths (YDM) 
that embraces the big ideas of mathematics to achieve deep learning of powerful 
mathematics (YuMi Deadly Centre, 2014). It is used by YDC in professional development 
(PD) programs that seek to improve the capacity of teachers to equip every student with the 
mathematical knowledge needed to pursue post-school options in science, technology, 
engineering, mathematics (STEM), and business (e.g., Cooper, Nutchey, & Grant, 2013). 
Since its genesis in 2010, YDM has been introduced into over 200 schools. 

This paper describes the pedagogical framework used by YDM and presents three 
instrumental case studies (Stake, 1995) about the use of that framework. It builds on a paper 
that describes the development of the YDM approach to mathematics and mathematics 
pedagogy and the processes followed by YDM to bring about school change (Cooper & 
Carter, 2016). 


The YDM Approach 

Mathematics and Mathematics Pedagogy 

YDM is based on three ontological propositions about the nature of mathematics: (a) 
mathematics is a connected structure of ideas formed into a schema; (b) mathematics is a 
language that concisely describes real-life situations; and (c) mathematics is a tool for 
problem solving. It uses a social constructivist epistemology in which mathematical 
knowledge is seen as the social invention of humans, where the importance of culture and 
context in developing meaning is emphasised (Vygotsky, 1978). In the context of school 
mathematics, learning is the development by the student of a set of connected mathematical 
schemas (Piaget, 1977; Skemp, 1976), influenced by personal experiences and collaboration 
with more knowledgeable others (teachers), who guide the student in the process of 
acquiring and adapting schemas (Davydov, 1995; Jardine, 2006). 


2016. In White, B., Chinnappan, M. & Trenholm, S. (Eds.). Opening up mathematics education research (Proceedings of the 
39th annual conference of the Mathematics Education Research Group of Australasia), pp. 166-173. Adelaide: MERGA. 
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As the initial work of YDM was with Indigenous and low SES schools, the social 
constructivist perspective led to an exploration of the connections between culture and 
mathematics. A pedagogical approach was sought that valued the cultural capital that students 
bring to the classroom and challenged the Eurocentric nature of Australian school 
mathematics. The result is a view of mathematics that: (a) starts with a person identifying a 
real-life problem to which they seek a solution; (b) creates an abstract representation of the 
problem using a range of mathematical symbols; (c) uses mathematics to explore and 
communicate particular attributes and behaviours relating to the situation; and (d) reflects and 
validates the mathematics back to reality to detennine if it is worthwhile in the context of the 
original problem and applies, extends, and transfers the mathematics to other situations. 

The YDM pedagogy sees the abstraction and reflection processes as creative acts, framed 
by the cultural perspective of the actor (Matthews, 2009). It is also based on the philosophy 
that deep learning of mathematics occurs when students have a structural, or relational, 
understanding (Skemp, 1976) of mathematics. It was also influenced by the seminal works 
of many others (e.g., Alexander & Murphy, 1998; Ashlock, Johnson, Wilson, & Jones, 1983; 
Baturo, Cooper, Doyle, & Grant, 2007; Bruner, 1966; Payne & Rathmell, 1975). This 
background, together with the view of mathematics and culture discussed earlier, led to the 
development of a pedagogical framework, or teaching cycle, that followed the sequence: 
reality, abstraction, mathematics, reflection, called the RAMR cycle (Cooper & Carter, 2016; 
YuMi Deadly Centre, 2014). It is summarised in Figure 1. 




ABSTRACTION 


• Check and remediate prerequisites for the idea(s) 


Identify local cultural and environmental 
knowledge/activity of interest to students that 
can be used to introduce the idea(s) 


Construct kinaesthetic activities to introduce 
the idea(s) 


Develop activities from real world to physical to 
virtual to pictorial to patterns to develop 
meaning for the idea(s) 

Sequence activities body -> hand -> mind 
Allow opportunities for students to create their 
own representations for the idea(s) 


MATHEMATICS 


* Enable students to validate and justify their new 
knowledge in relation to their environment 

* Transfer (applications and problem solving) 


Organise activities to extend the idea(s) - use 
flexibility, reversing, generalising, and changing 
parameters 


Speak, read and write formal mathematics 

Facilitate student practice to familiarise and 
consolidate all aspects of the idea(s) 

Construct activities that connect the idea(s) to 
other mathematics ideas 






Figure 1. RAMR cycle. 


The RAMR cycle begins and ends with the reality of the students’ lives. It commences 
with the selection of a stimulus of interest or relevance to the students. Students explore the 
situation with kinaesthetic activities using the whole body and then manipulatives to build 
mental representations of the mathematics idea(s). It then moves to consolidation, which is 
seen as making connections, and finally reflects back to the students’ reality. The two core 
processes are abstraction and reflection, with reflection ensuring that the new mathematical 
idea(s) are extended as far as they can be through four generic actions of flexibility, 
reversing, generalising and changing parameters. The framework is not fixed, either in 
theory, or in most schools’ practices. Teachers can use it as much for a unit plan as a lesson 
plan. They move back and forth between the parts of the cycle, and the extension (reflection) 
activities can be used throughout the cycle. 
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Professional Development (PD) and Change 

A pedagogical approach that is easy to implement and results in positive student responses 
is crucial to persuading teachers of the value of the YDM approach. However, given the social- 
constructivist philosophy of YDM, we do not seek to instruct teachers in a textbook or formula 
for implementing YDM. We believe that teachers are in the best position to detennine what 
works for their students and to select appropriate activities to complement their lesson plan. 
Consequently, teachers are encouraged to use the RAMR pedagogical framework to scaffold 
the development of their own lesson and unit plans. As the case studies in the second half of 
this paper show, the RAMR cycle provides teachers with the confidence to undertake their 
own planning using the YDM approach, with a minimum of external support. 

The implementation of YDM is a combination of centrally organised PD, school visits by 
YDC researchers, teaching resources (such as: books describing the YDM approach; sample 
lesson plans; and suggested approaches to, and activities for, teaching particular concepts), a 
discussion board and blog for teachers to share ideas with each other, and infonnal ad hoc 
online and telephone contact with YDC researchers (see Cooper & Carter, 2016). Practical 
considerations (including funding limitations) prevent the delivery of the YDM PD sessions 
to every teacher of mathematics in a school. Consequently, a train-the-trainer approach is used, 
working in geographical clusters of 4 to 12 schools. Each school selects four staff to be trained 
(one curriculum leader and three mathematics teachers is recommended). YDC provides four, 
three-day blocks of training (PD1, PD2, PD3, and PD4) across two years for these teachers, 
and the principal or an administrator is encouraged to attend the first days of PD1 and PD3. 
Schools are asked to prepare a plan to enable the trainers to trial the YDM pedagogy 
themselves using an action-research approach and then to provide training in YDM to the other 
teachers of mathematics in their school. They are invited to report to YDC on their progress 
each semester and to consider sharing their experience with other teachers at an annual YDC 
Sharing Summit. To summarise, schools are asked to select four staff to be trainers, change 
agents and researchers, and to provide time and space for all other mathematics teachers to 
become involved. 

The process of scaling up PD in this way relies on the transmission of infonnation along a 
chain from the YDC researcher to the teacher attending the PD, to other teachers in their 
school, and finally to their students. Yet YDC controls only the first link in this transmission 
chain, that is, what is central, fonnal and planned. The subsequent links take place in the 
school, often in an informal and ad hoc way. Furthermore, it is the outcome of the third link 
(student improvement) that detennines whether schools and teachers persevere with YDM. As 
the case studies in this paper show, our experience is that the YDM PD process works and 
teachers are able to use RAMR and successfully teach with limited in-school support. 

Case Studies 

Given that YDC relies on the scaling up approach, the question arises as to how teachers 
use the RAMR cycle for their lesson planning independently of YDC researchers. In other 
words, what occurs in the second and third links of the chain referred to in the previous 
paragraph that YDC does not control. The remainder of this paper presents three instrumental 
case studies (Stake, 1975) drawn from a YDC project. They are based on the reflections shared 
with YDC by three teachers involved in the project: Becky, Megan, and Jenny (pseudonyms). 
The teachers were from primary schools in a large provincial city in Queensland, although the 
YDM program applies to Years F to 9. All three teachers were in their first year of YDM 
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training, Becky having completed PD1, and Megan and Jenny having completed PD1 and 
pD2 

Becky ’s Experience 

Becky is a teacher of Year 1. This example starts with her first attempt to plan a lesson 
using the RAMR cycle. The lesson content was telling the time to the hour, using digital and 
analogue clocks. She chose this content because it suited her teaching plan, not because it had 
been demonstrated in the YDM training. In fact, at the time of delivering this lesson, Becky 
had not yet attended the YDM PD on the topic of measurement. 

Becky wrote in her reflective journal that “I initially found it difficult to use the RAMR 
planning sheet because I was unsure of how much detail to put in, what activities fitted where 
and time durations.” However, she consulted a YDM-trained teacher from a nearby school 
who shared a planning tool with her. This gave Becky the confidence to incorporate the RAMR 
framework into her school’s planning template, as shown in Figure 2, and to amend her plan. 


Year One Maths Plan 

Maths Strand: 
Measurement 

Term: 2 

Week: 8 

Lessons: 6 

Year Level Content Descriptors: 

Using units of measurement 

Describe duration using months, weeks, days and hours. 

They tell time to the half hour. 

Goal: 

Students will read and label o'clock on analogue and digital clocks. 

Reality 

(How it relates to real life) 

Abstraction 

(Whole Body and Hands on Activities) 

- - times for activities at school at school 

- -* home time 

- - favourite shows on guide on pay newspaper 

- -* catching the bus to get to school and home 

- - movie times 

- - list and find pictures of clocks in the school, home and community 

- - human clock 

- - paper plate clock 

- -» use arms to show times 

- - draw clocks (analogue and digital) 

- - interactive clocks on whiteboard 

- - clocks with different numbers 

Reflection 

(How the students are going) 

Mathematics 

(Mathematics needed to do the task) 

- - pre-test/post-test 

- - daily practice of o'clock (analogue, words and digital) 

- - clocks with missing parts - children complete 


Figure 2. Becky’s lesson plan. 

Becky noted an immediate improvement in the engagement of her students: 

I have 17 boys and 7 girls in my class and have found the engagement level during the body and hand 
lessons to be greatly improved. My boys like to “do” not listen so this way of teaching new concepts 
is well suited. 

Becky’s first attempt showed a misunderstanding of the reflection stage of the cycle. Pre- 
post (diagnostic) testing is intended to infonn the teacher’s planning and evaluation, rather 
than being a reflection activity for students. As she noted: “I am still learning how to do this 
properly but can definitely see a clearer way to plan and implement YuMi Deadly Maths in 
my class.” With more experience of the RAMR cycle, Becky might have planned reflection 
activities such as interpreting analogue clocks with Roman numerals or where some numbers 
do not appear on the clock face and considering in general terms what it means if the minute 
hand is not at 12. 

However, Becky’s first attempt at using YDM resulted in a positive response from her 
students, encouraging her to continue. This is an important outcome as a lack of success in the 
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early stages of using YDM may result in teachers giving up. After trying the RAMR approach 
with some more lessons, Becky wrote: 

I am really impressed with the level of discussion 1 hear when we are working in groups now. They 
are using the terms we discuss and telling me when they have seen things in their world. They love 
doing the activities. 

This case study demonstrated that it is possible for teachers to make an immediate difference 
using the RAMR cycle as a planning tool, even with minimal training. 


Megan 's Experience 


Megan taught a Year 6/7 composite class (at the time, Year 7 was part of the primary years 
in Queensland). She described how she used the RAMR cycle to plan a unit on integers, 
summarised in Figure 3. Megan used data from a pre-test to detennine what her students 
already knew about negative integers. This infonned the reality stage of her plan. She also 
used this infonnation in the reflection stage where students investigated unfamiliar uses of 
negative integers. Megan planned many body, hand, and mind activities in the abstraction 
stage (including some demonstrated in 


the PD sessions), before fonnalising 
ideas in the mathematics stage of the 
cycle. However, she noted: 

I suspect I moved the students into this 
stage too quickly. They were obviously 
still needing the body to help them 
understand. This dilemma is created by a 
crowded curriculum and the need to meet 
curriculum and assessment requirements. 
While I can see the enormous benefits of 
moving through the RAMR cycle as the 
students’ needs dictate, this often does not 
fit with the assessment/teaching schedule. 

Megan’s comments about the crowded 
curriculum reflect those made by other 
teachers in the early stages of 
implementing YDM. 

Megan called the RAMR cycle 
planning process “yummification”. She 
concluded that YDM: 

is about respecting and using the students’ 
realities and prior understandings and 
building on them so the ideas are 
understood and connected with other 
ideas and experiences within mathematics 
and the real world. 



REALITY 

Pre-test initially used to determine 
prior knowledge and student reality. 

Q. Where have you seen negative and 
positive numbers before? (Student 
responses-thermometer, shopping 
receipt, carpark under building, 
banking, withdrawing money from 
ATM, sea level, if you're in debt, 
cartesian plane, scanner on a boat, 
depths in diving). Responses were 
then discussed with whole class and 
examples of these uses shown) 

Look at and use thermometers usd for 
different purposes. (Cooking, weather, 
health, baby's bath, fridge, science) 
Play quiz game where contestants 
start with zero points and get one 



ABSTRACTION 


\ 


Body 

•- Exploring +ve and -ve temperatures 
using a model of thermometer on floor 
•-»+ve & -ve number cards: ordering and 
placement on number line 
•-•Game - Lifesavers and Sharks 
•-•Game-'Payday'- debt and profit 
•-•Model elevator moving between floors 
above and below ground level. 

•-♦ Model above and below sea level 
Hand: 

•-• Laminated number lines, blank and 
numbered, to label and model 
problems, with. Use whiteboard 
markers and counters 

Mind: 

/ •^Visualise number line in mind, shut^ 
eyps and mentally act out storie^ 

Integers 


/ 


REFLECTION 

Reversing. 

•-•Provide students with a negative 
number and a context and they have 
to make up the story. 

Change parameters. 

•-•Circular number lines (gauges, some 
thermometers) 

•-♦ Make each callibrated step more than 
one (ie counting in 2's, 5's, 10's 100's) 

•-• Put numbers on shortened number 
line so callibrated steps will need to 
be larger 

Extensions 

•-♦Applications of directed number 
outside students reality, e.g metering 
"•sin photography, statistics in sport 


MATHEMATICS 


•-• Represent integer problems as 
number sentences. 

•-•Extend lifesaver/ shark activity - 
represent movements as number 
sentences 

•-•Use greater than and less than 
symbols with integers 




Figure 3. Megan’s unit plan (summary). 


Whilst only partially through her 

YDM training, Megan had had more practice than Becky in planning using the RAMR cycle. 
Her willingness to use the framework to plan an entire unit of work suggests that she was 
adequately prepared to assume a role as a YDM facilitator, trainer and leader in her school (the 
final link in the YDM transmission chain). 
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Jenny ’s Experience 

Jenny was a teacher of Year 4 who shared her experience of using the RAMR cycle to plan 
and teach a unit on fractions. Her plan outline is shown in Figure 4. In her reflection journal 
Jenny provided more detail about most aspects of the plan in Figure 4. A pre-test helped Jenny 
to establish that “At the beginning of this unit the children really had a good concept of 
fractions as far as finding half, quarter etc of whole objects.” She used a large floor mat divided 
into 36 squares (a resource with many applications recommended by YDM) for “body 
activities” that explored a variety of different fractions, followed by “hand activities” such as 
drawing pictures: 

We spend a lot of time drawing the pictures ... and the children’s confidence grew quickly. They 
were very keen to “showcase” their knowledge. This concept continued ... as we drew pictures first, 
then looked for patterns in the numerator and denominator .... Simultaneously we were also making 
the connections between fractional numbers on a number line and discussing the infinite possibilities 
of numbers that can fit on a number line between two given numbers, such as 5 and 6, depending on 
how many parts were separating them. 
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Reality 


Develop a sequence of representational 
activities (physical to virtual to pictorial 
materials to language to symbols) that 
develop meaning for the mathematical 


Identify local cultural and environmental 
knowledge that can be used to Introduce 

Ensure existing knowledge prerequisite 
to the idea is known. 

Construct kinaesthetic activities that 
introduce the idea (and are relevant In 
terms of local experience). 


Develop two-way connections between 
reality, representational activities, and 
mental models through body hand 4 
mind activities. 

Allow opportunities to create own 
representations. Including language 
and symbols. 


RAM It 


Mathematics 


J Reflection V 
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j Critical Reflection 
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Set problems that apply the Idea back to 
reality. 

Lead discussion of idea in terms of reality 
to enable students to validate and justify 
their own knowledge. 

Organise activities so that students can 
extend the idea (use reflective strategies 
- being flexible, generalising, reversing, 
and changing parameters). 


Enable students to appropriate and 
Understand the formal language and 
symbols for the mathematical idea. 
Facilitate students' practice to become 
familiar with ail aspects of the Idea. 
Construct activities to connect the idea 
to other mathematical Ideas. 
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Figure 4. Jenny’s outline. 

In addition to teaching fractions, Jenny introduced her Year 4 students to another of the “big 
ideas” of mathematics - infiniteness. Making connections such as these is an important part of 
the YDM approach. 

Like Megan, Jenny found that more time was needed: “We were going to spend 10 
lessons on the fraction unit, but in the end required more like 1 5 before I felt the children 
were well equipped”. However, Jenny also observed the benefits of the YDM approach: 

One of the most powerful influences that Y uMi has given my class and I, is that now when I say we 
are about to do maths, the children are excited. They know it’s not just pen and paper, that they will 
be manipulating objects, exploring and involved in some hands on activity. My attitude to teaching 
maths has also changed and 1 relish the new ways 1 can explore it with the children. This by far, has 
made the whole experience particularly valuable for my classroom practices and pedagogy. 
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Discussion and Conclusion 


Becky, Megan and Jenny have all demonstrated that the RAMR cycle can be used for 
planning lessons and units of work with minimal training. Becky’s experience, confirmed by 
other similar cases, showed that the RAMR cycle enables teachers to become autonomously 
active in the pedagogy after one three-day PD, even when the relevant topics have not yet been 
covered in the PD sessions. The strength of the YDM approach, incorporating the RAMR 
pedagogy, is that it works without having to provide external in-school resources. This is 
because the PD focuses on how to implement YDM as well as on what YDM is, and it provides 
enough theory and practice for teachers to succeed in planning and trialling the ideas without 
expert help. 

Megan and Jenny both commented that YDM and RAMR required more time than they 
had initially planned. YDM learning is based on building knowledge schemas that enable later 
knowledge to be more easily leamt (Skemp, 1976). As most students do not have these 
schemas when YDM is introduced, their formation can result in topics taking more time. 
However, this time is made up in later years when the need to reteach prior learning is 
minimised. For example, by informally introducing the “big idea” of infiniteness in her Year 
4 unit, Jenny has started to prepare the ground for the more formal introduction of this concept 
in the secondary years. Pre-empting activities of this kind save time later. It is for this reason 
that YDM is presented as a whole school program so that time invested in the early years can 
be caught up in later years. 

Unlike other cases of scaling up PD reported in the literature (for example, Cobb, Jackson, 
Smith, Sorum, & Henrick, 2013), YDM is not mandated (or funded) by school or district 
systems. In most cases, the program relies on schools choosing to invest in their teachers of 
mathematics and financing the program from their own resources. This is problematic for 
many schools, especially those schools serving lower SES and geographically remote 
communities where staff turnover is high. Yet these are the schools with greatest need where 
we have observed that there are more inexperienced teachers and more than 80% of secondary 
teachers allocated to mathematics classes have had no fonnal training in teaching the subject. 
Even if external sources of funding cover the costs of delivering the YDM program (such as 
the recent PRIME Futures program that targets more than 60 schools with high levels of 
Indigenous enrolments throughout Australia, part of a larger Indigenous STEM Education 
project managed by CSIRO in partnership with the BHP Billiton Foundation), schools must 
finance the significant costs of releasing teachers to attend the PD sessions and for in-school 
training and planning. In these circumstances, it is important for YDC to minimise costs and 
to achieve success early in the PD program. 

It is apparent from the cases presented in this paper that the YDM processes offer a 
promising model for scaling up PD programs where school participation is voluntary and costs 
have to be minimised. The provision of PD to geographic clusters of schools, the adoption of 
the RAMR pedagogical framework, and the use of an action research approach to in-school 
training activities appears to overcome many of the problems associated with limited school 
and teacher contact. Our findings are that schools become active in YDM after 12 days of PD 
spread over two years provided that there is: (a) a school plan for implementing YDM, 
supported by the principal; (b) reasonable staff continuity; and (c) at least one curriculum 
administrator and two or three teachers with enthusiasm for the program. 

Another significant finding is that YDM methods improve mathematics teaching and 
learning for all students. Although the development of YDM sought to value the cultural 
capital that Indigenous and low SES students bring to the classroom and to challenge the 
Eurocentric nature of Australian school mathematics, in all of the examples in this paper 
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students were treated equally and the benefits of the YDM approach were shared by all. It 
appears that pedagogies developed to overcome social disadvantage can improve outcomes 
for all students. 

These conclusions are based on more than the three cases presented in this paper. With 
more time and space there were many other similar cases that could have been included. At 
present, YDM training is occurring in over 30 schools across Queensland and over 200 schools 
have experienced the two-year program in the past six years. In most of these situations, lack 
of funding has limited YDM to the provision of training and resources with no in-school follow 
up. Yet, approximately 70% of these schools are still using YDM pedagogy. Many of them 
have made dramatic and positive changes in their mathematics teaching. 
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